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Perceiving the displacement of an object after a visual distraction is an essential ability to interact with
the world. Previous research has shown a bias to perceive the ﬁrst object seen after a saccade as stable
while the second one moving (landmark effect). The present study examines the generality and nature
of this phenomenon. The landmark effect was observed in the absence of eye movements, when the
two objects were obscured by a blank screen, a moving-pattern mask, or simply disappeared brieﬂy
before reappearing one after the other. The ﬁrst reappearing object was not required to remain visible
while the second object reappeared to induce the bias. The perceived direction of the displacement
was mainly determined by the relative displacement of the two objects, suggesting that the landmark
effect is primarily due to a landmark calibration mechanism.
 2009 Elsevier Ltd. All rights reserved.1. Introduction
Every time we blink, saccade, or a large truck drives by obscur-
ing our view, a new image of the visual world is formed on the ret-
ina. Sometimes it is virtually identical to the pre-distraction view,
but more often than not the visual scene is drastically different,
either due to our own movements or due to object movements.
One of the most important problems our visual system has to solve
is to maintain the stability of the visual-spatial representations,
especially object location and identity, despite visual changes
caused by self-motion such as eye movements.
There have been a number of proposed mechanisms which sup-
port the maintenance of visual stability across eye movements.
Each of these can use up to three types of information to determine
whether the position change of an object is due to movement of
the eye or displacement of the object itself (Bridgeman et al.,
1994). The ﬁrst is the structure of the external visual environment
where objects can be used as reference points (Gibson, 1950, 1966,
1979; Haber, 1983). The second is motor planning and execution in
the ocular-motor system – i.e. ‘neural outﬂow,’ ‘efference copy’, or
‘corollary discharge’. (Helmholtz, 1925; Sperry, 1950). The last is
the proprioceptive information from the eye movement itself –
i.e. ‘neural inﬂow’ (Bridgeman et al., 1994).
Using these three (or sometimes fewer) sources of information
a number of mechanisms have been suggested to solve the chal-
lenge of representing a stable visual world. These include an elim-
ination solution (Sperry, 1950; Von Holst & Mittelstaedt, 1950,
1971), a translation solution (Bischof & Kramer, 1968), an evalua-ll rights reserved.
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4 5876.tion solution (MacKay, 1973), a calibration solution (Bridgeman,
Van der Heijden, & Velichkovsky, 1994), and a localist evaluation
theory (Irwin, 1991, 1992a, 1992b), each having their own beneﬁts
and problems (see Bridgeman et al., 1994 and its accompanying
commentaries for a summary of theories of visual constancy).
One recent mechanism hypothesized to help maintain a stable
representation of the visual world is saccadic suppression of image
displacement (SSID). This process allows relatively large errors in
saccadic planning and execution to be ignored. It has been shown
that people fail to detect the direction a target object has moved
during a saccade, and in fact target objects are erroneously seen
as having remained in a stable position (Bridgeman, Hendry, &
Stark, 1975; Deubel, Schneider, & Bridgeman, 1996). Because of
this it was suggested that precise spatial information is not trans-
ferred across the saccade and that instead, the visual systemmakes
an assumption of object stability unless the target object is dis-
placed by a great extent.
However, there is also evidence suggesting that precise spatial
information exists somewhere in the brain since people are able
to direct accurate pointing actions across a saccade in response
to small target displacements (Prablanc & Martin, 1992). There is
at least one way of overcoming saccadic suppression and gaining
access to precise object location information. Deubel and col-
leagues have shown that saccadic suppression of image displace-
ment can be eliminated if presentation of the displaced target
object is delayed by 80 ms or more after the end of a saccade. That
is, if the target object is not present immediately at the end of the
saccade, and then is presented shortly thereafter, people are able to
correctly detect the target’s direction of displacement. This was
termed the ‘blanking effect’ (Deubel et al., 1996). This result sug-
gests that precise location information for objects is preserved
across eye movements and also, depending on speciﬁc task
Fig. 1. The stimuli and procedure of Experiment 1. Trials began with a drift
correction ﬁxation display (not illustrated here). After the targets were displayed
they disappeared for 1200 ms and then either of the targets could reappear ﬁrst
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make (sometimes incorrect) assumptions about the world to deter-
mine the motion of an object.
When there aremultiple objects in the environment, othermech-
anisms are available to generate the perception of a stable world. It
has been shown thatwhen there is a consistent stationary landmark,
the threshold for discriminating another object’s displacement is
less in this relative condition as compared to when an observer
makes an absolute judgment on only a single displaced object (John-
son & Scobey, 1982; Kinchla,1971; Legge & Campbell, 1981; Palmer,
1986). For example, it is much easier to detect clouds’motion across
the sky when they are close to a tall building than when they are
alone in mid sky (Kinchla & Allan, 1969). However, sometimes the
motion is mis-attributed and creates an induced motion illusion that
the building is moving instead of the clouds. This effect can also be
demonstrated with a small point light on a screen in a completely
dark room (Dunker, 1929; Kinchla & Allan, 1969).
Similar to the induced motion illusion, a different pattern of re-
sults emerges if a second object, in addition to the target object, ap-
pears immediately following a saccade and before the target object
is presented. Deubel, Bridgeman, and Schneider (1998) showed
that the object presented immediately after the saccade is per-
ceived as stable and the target item that is presented second is
seen as displaced, regardless of whether it has moved or not (the
landmark effect). This ﬁnding holds true for a number of different
stimulus presentation timings, object types and spatial locations of
objects. It is not until objects are displaced by nearly 3–4 that par-
ticipants are able to consistently determine which item actually
moved (Deubel, 2004; Deubel et al., 1998; Koch & Deubel, 2007).
Deubel and colleagues attributed these results to the same mech-
anism underlying the blanking effect. That is, the object present
at the end of the saccade is assumed by default as a stable part
of the visual world and therefore is automatically used as a refer-
ence object in order to determine whether other objects have been
displaced (Deubel, 2004; Deubel et al., 1998; Koch & Deubel, 2007).
Past research on mechanisms of visual stability has typically fo-
cused on eye movements related paradigms, and the models dis-
cussed above (e.g., saccadic suppression of image displacement
and saccadic adaptation) are all speciﬁc to eye movements (Deu-
bel, 2004; Deubel et al., 1998; Koch & Deubel, 2007; Semmlow,
Gauthier, & Vercher, 1989). However, the challenge of maintaining
visual-spatial continuity is a challenge for the brain, even in the ab-
sence of an eye movements. For example, after a temporal inter-
ruption such as occlusion the visual system needs to relate the
new visual representation to the previous one in order to perceive
a stable world. To extend our understanding of visual stability
across other types of distractions, other forms of interruptions to
vision such as object occlusion and attentional shifts should be ex-
plored. In the following study we examine one of the visual recal-
ibration phenomena, i.e., the landmark effect, in a broader context,
using multiple forms of visual distractions without eye move-
ments, such as target disappearance or occlusion, to understand
some of the underlying mechanisms of visual stability. It is possi-
ble that the landmark effect during saccades is a much more gen-
eral effect of object location updating in working memory. We
explore whether this effect can occur without eye movements at
all, the effect’s spatial and temporal characteristics, the types of
distractions that can initiate this effect, and whether the effect is
based on a true landmark calibration mechanism or a sole conse-
quence of other phenomena such as apparent motion.followed 100 ms later by the other target. Either item could have been displaced
from its original position to the right or left. All of possibilities are illustrated above:
(A) dot appeared ﬁrst, line displaced, (B) dot appeared ﬁrst, dot displaced, (C) line
appeared ﬁrst, line displaced, and (D) line appeared ﬁrst, dot displaced. Participants
were instructed to remain ﬁxated on the objects throughout the trial. They ﬁrst
reported which item was displaced and then in which direction. The dotted line is
presented here for reference (it was not visible in the experiments).2. Experiment 1
The ﬁrst experiment explores whether the landmark effect is
eye movement dependent as Deubel and colleagues suggested(Deubel, 2004), or whether an externally produced visual distrac-
tion will elicit a similar bias. If this effect is observed in the absence
of eye movements, then the landmark effect is a more general
mechanism and does not rely on the ocular-motor system.
2.1. Methods
2.1.1. Participants
Twelve students from the University of Illinois took part in
Experiment 1 in exchange for course credit. All participants were
naïve to the purpose of the study, had corrected or normal vision
and gave written consent.
2.1.2. Apparatus
Stimuli were presented with Experiment Builder (SR Research,
Mississauga, Ontario), runningonaPCwith a 21-in.monitor (resolu-
tion: 800  600pixels; refresh rate: 85 Hz). Participants’ headswere
stabilized by a chinrest 48 cm from the display monitor. Blinks and
eyemovementswere recordedwithanEyeLink II eye-tracker (SRRe-
search, Mississauga, Ontario) with a temporal resolution of 500 Hz,
spatial resolutionof0.1andpupil-size resolutionof0.1%of thepupil
diameter. Eye movements were classiﬁed as saccades when their
distance exceeded 0.2 and velocity reached 30/s or when distance
exceeded 0.2 and acceleration reached 9500/s. The eye-tracker
classiﬁed movements of the eyelids that occluded the pupil for at
least six sequential milliseconds as a blink.
2.1.3. Stimuli and procedure
In this study participants viewed (Fig. 1) a red dot (0.30 of vi-
sual angle in diameter) and a red line (0.30 wide by 1.50 high) in
a black background, initially separated by 1.76 vertically and 0.47
horizontally (with the dot either to the left or right of the line on
equal numbers of trials). The items were centered vertically on
the screen and could occur anywhere in the middle 80% of the
screen horizontally. In each trial, observers viewed the items for
750 ms on a black background, followed by a 1200 ms blank white
screen which served as a distraction. This length of time was cho-
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the comparable eye movement studies of Deubel and colleagues
(1998, 2004). After this distraction either the dot or the line reap-
peared in a black background, and 100 ms later the other item
reappeared. Either the dot or line was displaced from its original
position by 0.35 or 0.71 to the right or left. Participants ﬁrst re-
ported which item moved from its original position by pressing
the top or bottom button of the game pad, corresponding to the
location of the dot or line respectively. Immediately after they then
reported the direction it moved by pressing the right or left button
on the game pad.1
There were a total of 384 trials in a 2 presentation order (which
object appeared ﬁrst)  2 moved item (dot or line) orthogonal de-
sign, with other factors such as displacement distance (size of the
displacement), initial relative horizontal position (the dot at the
left or right of the line), displacement direction (left or right) all
counterbalanced across the four experimental conditions. All trial
types were randomly intermixed throughout the experiment.2.1.4. Data analysis
Ofﬂine analysis of eye movement data was performed with Data
Viewer (SR Research, Mississauga, Ontario). The dependent mea-
sure was the percentage of trials participants reported that a given
item (e.g., the dot) moved. The experimental factors examined
were the presentation order and actual displaced item. If the land-
mark effect exists in the absence of eye movements then regardless
of which object actually moved observers should be biased toward
reporting that the item appeared second was the object that had
been displaced. Other factors such as initial relative position of
the two items, displacement direction and distance, and overall
horizontal position on the screen were collapsed within each
experimental condition and not analyzed in detail.
Three participants’ data were not analyzed due to failure to fol-
low instructions (random button pressing, pressing wrong buttons,
or failure to ﬁxate). To examine the landmark effect in the absence
of eye movements, all trials were ﬁrst analyzed on whether they
contained a saccade or blink during the distraction period. On aver-
age participants blinked during the critical period on 27% of trials,
saccaded during 47% and made no eye movements during 26% of
the 384 total trials. Trials during which participants made a sac-
cade were analyzed separately from those that they did not to
determine whether eye movements inﬂuenced the results. Blink
trials were not analyzed. Data for this experiment were analyzed
with SPSS for Windows v.12 (SPSS Inc, Chicago, IL).2.2. Results and discussion
It has been proposed that at the end of a saccade people use
whatever object is present as a landmark in order to determine
whether or not another object moved from its original position
(e.g., Deubel et al., 1996). Our results replicated this landmark ef-
fect. More importantly, this effect was observed in the absence of
eye movements, suggesting that it involves a more general mech-
anism rather than the hypothesized ocular-motor system.
To examine whether the landmark effect depends on the pres-
ence of eye movements, A 2  2 Repeated Measures ANOVA was
performed on the percentage of trials reporting dot displacement2
on trials that no saccades or blinks were made.3 The two factors were1 The direction judgment data were not analyzed in this experiment due to
statistical power and the issue was addressed in full extent in Experiment 3.
2 The pattern of results was the same if the analysis was conducted using the line
as the target so the data reported here were coded according to the dot.
3 Trials were deﬁned as having no eye movements if there were no saccades, or
blinks present. There was some drift during the ﬁxations, the mean standard
deviation of the drift across the subjects was 0.61 vertically and 0.63 horizontally.presentation order (which object appeared second) and which object
actually moved. There was a main effect of actual displacement
(F(1, 7) = 42.97, p < 0.001) indicating that participants were sensitive
to the actual displacement of the items. More importantly, there was
also a main effect of presentation order (F(1, 7) = 25.32, p < 0.002)
demonstrating a bias for participants to report the object that ap-
peared second as having been displaced from its original position
(the landmark effect). There were no interactions present (all inter-
actions p > 0.05). These results suggest that the landmark effect does
not depend on eye movements.
A further analysis compared the trials without eye movements
and the trials with saccadic eye movements. A 2  2  2 Repeated
Measures ANOVA was performed on the percentage of trials
reporting dot displacement. The factors were eye movement (or
not), presentation order (which object appeared second), and
which object actually moved (see Fig. 2). Analysis revealed that
there was no difference in main effect between trials where partic-
ipants made a saccade and those where they did not make any eye
movement (F(1, 7) = 0.03, n.s.). There were main effects of actual
displacement (F(1, 7) = 36.78, p < .001) and presentation order
(F(1, 7) = 31.55, p < 0.001) but no interactions present (all interac-
tions p > .05). These results demonstrate that the landmark effect
can occur even in the absence of eye movements.
To understand the nature of this effect Experiment 2 systemat-
ically examined what types of temporal stimuli presentation or-
ders and distractions can elicit this effect.3. Experiment 2
Experiment 1 conﬁrmed that the landmark effect does occur
independent of eye movements. This experiment examined what
types of disruption patterns and temporal characteristics can elicit
the landmark effect. In Experiment 1 the two objects were always
re-displayed with one appearing shortly before the other and then
both staying on the screen together until the participant made a re-
sponse. In this experiment we explored whether the two items
must be present at the same time to produce a landmark effect.
If the landmark effect requires a direct comparison between two
objects, then there should be no bias to perceive the second object
as having moved if the ﬁrst object is removed from the screen be-
fore the second one reappears. Instead, the memory of the objects’
absolute positions should be used, as opposed to a relative position
judgment. Previous research (Deubel, Schneider, & Bridgeman,Fig. 2. Results of Experiment 1. There were more reports of dot-displacements
when the dot reappeared second compared to when it appeared ﬁrst, indicating a
landmark effect both in the absence of saccades or blinks and when saccades were
present. Error bars are S.E.M.
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saccades can affect the localization of a target appearing after-
wards even when there was no temporal overlap between them.
The current experiment further examined the landmark effect with
a temporal gap between the two objects after visual distractions
instead of saccades.
In addition, this experiment also explored whether the land-
mark effect is affected by the magnitude of distraction is presented
between the initial presentation of targets and their reappearance.
To examine these possibilities the targets either simply disap-
peared or a silver screen obscured the.3.1. Methods
Thirteen students from the University of Illinois took part in
Experiment 2 in exchange for course credit. One participant’s data
were not analyzed due to failure to follow instructions. All partic-
ipants were naïve as to the purpose of the study and had not par-
ticipated in any other related experiment. Experimental stimuli
were displayed and responses collected on different PC’s in a differ-
ent lab running EPrime 1.2 (Psychology Software Tools, Pittsburgh,
PA).
The methods were the same as Experiment 1 except the follow-
ing. Since there was no effect of eye movements in the landmark
effect, eye movements were not monitored. However, participants
were instructed to ﬁxate in the blank interval. In addition, there
were four temporal conditions (see Fig. 3), which differed only in
the order of the two object reappearance and the temporal overlap
between them. The ﬁrst two conditions replicated those in Exper-
iment 1. In condition 1, the dot reappeared ﬁrst, and then the line
reappeared 300 ms later. In condition 2, the line reappeared ﬁrst,
and then the dot reappeared 300 ms later. These two conditions
served as the baseline for the landmark effect. The other two con-
ditions had the line reappearing ﬁrst, but disappearing before the
dot reappeared. In condition 3 the line reappeared and then disap-
peared again immediately before the dot reappeared, so that the
two objects were never on the screen simultaneously after the ini-
tial presentation. In condition 4, the line reappeared and then dis-
appeared again 150 ms before the dot reappeared on the screen, so
that there was a 150 ms temporal gap between the representation
of the two objects. These two conditions examined whether the
landmark effect is based on a perceptual comparison mechanism
which requires the landmark and target to be on the screen
simultaneously.Fig. 3. The stimuli and procedure of Experiment 2. There were four temporal order
presentations (a blank black screen or a more distracting bright grey screen).In addition, the type of distraction was manipulated. Within
each condition, half of the trials had a blank gray screen as the vi-
sual distraction. In the other half of the trials the background did
not change so the targets simply disappeared and then reappeared.
This manipulation examined whether the minimal distraction, i.e.,
the stimuli simply disappearing, is sufﬁcient to induce the land-
mark effect.
There were a total of 512 trials in a 4 temporal condition  2
distraction type (grey screen vs. disappearing stimuli)  2 moved
item (dot or line) orthogonal design, with other factors such as ini-
tial relative horizontal position (the dot at the left or right of the
line), moving distance (size of the displacement) and direction (left
or right) counterbalanced across the experimental conditions. All
trial types were randomly intermixed through the experiment.
3.2. Results and discussion
We ﬁrst examined the minimal distraction condition to induce
the landmark effect. A 2 reappearance order (dot ﬁrst in condition
1 vs. line ﬁrst in condition 2)  2 distraction type (grey screen vs.
disappearing stimuli) ANOVA on percentage of reported dot dis-
placement showed a main effect of reappearance order
(F(1, 12) = 17.44, p < .001), but no effect of distraction type or inter-
action (all p > .1). Moreover, in a paired t-test directly comparing
dot reappearing second (condition 2) and dot reappearing ﬁrst
(condition 1) in trials where no overt distraction was used between
the initial presentation of stimuli and their representation showed
the typical landmark effect, with more reported dot displacement
when the dot reappeared second relative to dot reappearing ﬁrst
(t(12) = 3.85, p < .002). These results demonstrated that the land-
mark effect still exists when stimuli are simply removed from view
as well as being obscured by a screen of a different color. Because
there was no effect of distraction all trials were collapsed across
distraction type for further analysis.
To determine if the landmark bias requires a direct visual com-
parison between the stimuli we examined the temporal overlap
requirement for the landmark effect. If this bias does require a di-
rect visual comparison between the dot and line we would expect
to ﬁnd the landmark bias only in conditions where the two items
are on the screen at the same time. However, the results showed
that even when the offset of the line and onset of the dot were sep-
arated by 150 ms, the line exerted a consistent inﬂuence on the
perception of dot location (Fig. 4). Planned comparison between
conditions 1 and 2 replicated results from the previous experiment
demonstrating that participants were signiﬁcantly more likely toconditions, and in each condition there were two types of distractions between
Fig. 4. Displaced item responses in Experiment 2. There was no difference in the
three line-ﬁrst conditions, regardless of the temporal overlap between the
reappeared objects. All three line-ﬁrst conditions showed more reports of dot
displacements than the dot-ﬁrst condition, indicating that landmark effect can
occur even when the targets do not overlap on screen temporally. Error bars are
S.E.M.
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tion 2) than when it reappeared ﬁrst (condition 1) t(12) = 4.177,
p < .001. More importantly, the effect held even when there was
no temporal overlap between the two items after the delay (Condi-
tion 1 vs. Condition 3: t(12) = 3.062, p < .01; Condition 1 vs. Condi-
tion 4: t(12) = 4.99, p < 0.001). Moreover, there was no signiﬁcant
difference among conditions 2, 3 and 4, where the temporal over-
lap differed. A one way ANOVA on percentage of trials reporting
dot displacement comparing these three conditions showed no sig-
niﬁcant difference (F < 1, p = n.s.). These results suggest that the
two objects do not have to be present at the same time for the
landmark effect to occur.
Results from this experiment demonstrate that the landmark
effect is invariant to whether targets are available to be directly
compared and occurs without a signiﬁcant visual distraction like
a saccade or a blank screen distracter. However, it is not clear what
type of mechanism is responsible for this effect. A landmark cali-
bration mechanism treats the ﬁrst object as the stationary land-
mark and judges other objects’ displacement according to their
relationship to the landmark object. A possible alternative explana-Fig. 5. The direction judgment results of Experiment 3. Participants judged the
displacement direction mainly according to the relative displacement direction, i.e.,
the direction of movement of the perceived-moving object in reference to the
perceived-stationary object, supporting the landmark calibration hypothesis. Error
bars are S.E.M.tion of the landmark bias could be related to apparent motion
which biases people to perceive the object appearing second as
moving away from the ﬁrst object (apparent motion hypothesis).
These two hypotheses make different predictions on the perceived
displacement direction. In Experiment 3 we further explored
whether the bias reﬂects a true landmark calibration mechanism
by asking participants to make two separate decisions about the
stimuli, namely, which object moved and then in which direction
did it move. This allowed us to explore whether the perceived dis-
placement was affected by the relative position of the two objects
or the relative displacement between the two objects, which can
shed light on the underlying cause of the landmark effect. In addi-
tion, the effect of the distraction type was further examined.4. Experiment 3
4.1. Methods
Ten students from the University of Illinois took part in Exper-
iment 3 in exchange for course credit. All participants were naïve
as to the purpose of the study and had not participated in any other
related experiment. Experimental stimuli were displayed and re-
sponses collected on PC’s running EPrime 1.2 (Psychology Software
Tools, Pittsburgh, PA).
The methods were identical to those in Experiment 2 except the
following. There were two types of distractions. In half of the trials,
the screen turned white during the distraction period. In the other
half the simple blank screen distracter was replaced with moving
X’s with squares around them. Twelve distracters subtending
2.35 by 1.76 randomly changed locations every 10 ms for the
length of the distraction period. This created two distraction condi-
tions, a simple white screen distracter and a dynamic pattern mask
to examine whether increasing the distraction will affect the mag-
nitude or presence of the landmark effect.
In total there were 512 trials, in a 2 distraction type (white
screen distracter or dynamic pattern mask)  2 reappearance order
(either the dot or line could reappear ﬁrst)  2 displaced item (dot
or line)  2 displacement direction (left or right)  2 ﬁnal relative
position (dot left or right of the line) orthogonal design. Partici-
pants made two decisions about stimuli using the number pad
on the keyboard. The ﬁrst task was to decide whether the dot or
line moved by pressing the 2 or 8 key respectively. The second task
was to decide which direction that object had moved by pressing 6
if it moved right and 4 if it moved left. All responses are spatially
compatible with actual object displacement and location.
This design allowed us to examine the existence of the land-
mark effect by analyzing the ﬁrst response (which item moved)
as a function of the reappearance order. Moreover, the relative po-
sition of the two objects (e.g., the second object reappeared to the
left or right of the ﬁrst one) and the relative displacement of the
two objects (e.g., the second object moved left or right in reference
to the ﬁrst object4 were independently manipulated. Thus, we can
examine the cause of the landmark effect by analyzing the second
response (the perceived direction of the displacement) as a function
of the relative position and the relative displacement between the
two objects.4.2. Results and discussion
4.2.1. The ‘‘which-item” judgment
A 2  2  2 ANOVA with object presentation order, displaced
item, and distraction type as factors was performed to examine4 The relative movement can be a result of the actual displacement of either the
ﬁrst object or the second object.
5 In a previous study (Deubel et al., 2002) it was shown that postsaccadic
distracters had an impact on localization, however the present moving stimuli
randomly disappeared and reappeared in new locations very quickly and did not stay
in any location long enough to ﬁxate on.
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were replicated, namely that the order of object presentation cre-
ated a bias to report that the second item presented was displaced
from its original position – regardless of which item actually
moved. There was a main effect of presentation order
(F(1, 8) = 39.53, p < .001). Also, as expected, a main effect of actual
object displacement showed that participants also were sensitive
to actual object displacements (F(1, 8) = 10.85, p < .011). The type
of distracter during the ISI did not reach signiﬁcance
(F(1, 8) = 1.81, p = .215). No interactions were present (All
p’s > .05). These results demonstrated the landmark effect in both
distraction type conditions. Because of this all further analysis
were collapsed across distracter type.
4.2.2. The direction judgment
The landmark calibration hypothesis and the apparent motion
hypothesis make different predictions on what factors determine
the direction judgments. According to the landmark calibration
hypothesis, one of the objects is treated as the stationary landmark,
and the perceived displacement of other objects is determined by
their relative displacement in reference to the landmark. Thus, if
the displacement judgment was based on a landmark calibration
mechanism, then the direction response should be determined by
the relative displacement of the two objects, namely the displace-
ment of the object perceived as displaced in reference to the object
perceived as stationary. For example, if the second object is per-
ceived to have been displaced while the ﬁrst object is perceived
to be stationary, then the direction judgment should be deter-
mined by the displacement of the second object relative to the ﬁrst.
If it reappears to the left of the ﬁrst object and becomes closer in
distance, then its relative displacement is ‘‘right.” Therefore the
direction judgment should be ‘‘to the right.”
In contrast, if apparent motion were the primary cause of the
landmark effect, then the perceived direction of displacement
should be determined by the relative position of the two objects
regardless of their relative displacements. For example, if the second
object reappears to the left of the ﬁrst object, participants should
perceive motion from right to left, regardless of its relative dis-
placement in reference to the ﬁrst object. Thus, the two hypotheses
can be tested by examining whether the direction judgment was
determined by the relative displacement or the relative position
of the two objects.
The results provided support for the landmark calibration
mechanism as the primary cause of the bias (see Fig. 5). A
2  2  2 ANOVA on the percentage of ‘‘left” responses was run
using relative position (second item reappeared to the left or right
of the ﬁrst item), relative displacement (perceived-moving item
moved left or right in reference to the perceived-stationary item),
and actual target displacement (dot or line) as the factors. There
was a large and signiﬁcant main effect of relative displacement,
F(1, 8) = 148.32, p < 0.001. A small effect was also found for the Rel-
ative Position factor, F(1, 8) = 5.79, p = 0.043. There was no signiﬁ-
cant main effect of actual target displacement, F(1, 8) = .076,
p = 0.790. There were no interactions (all p’s > 0.2). The main effect
of relative displacement was 10 times the magnitude of the rela-
tive position (78.12% and 7.43% respectively) and the difference
was highly signiﬁcant, t(8) = 9.752, p < .001. These results demon-
strated that the direction judgment was primarily affected by the
relative displacement, supporting the landmark calibration
hypothesis.
Results from this experiment provide further evidence that the
landmark effect is a general bias the visual system employs to
determine whether objects have changed location after an inter-
ruption. This bias causes the ﬁrst item to be re-presented to be per-
ceived as a stable object and then uses it to decide whether there
has been any change in the location of other objects. This effect oc-curs both after visually distracting masks5 as well as a simple dis-
appearance of the stimuli and was primarily due to a landmark
calibration mechanism.
5. General discussion
Whenever we encounter a distraction that occludes the visual
ﬁeld, it must be determined what has changed and what has stayed
the same. Many times so little information is passed from one view
of a scene to the next that change blindness occurs (Simons &
Ambinder, 2005). However, other times highly accurate informa-
tion, although unused, can be retrieved and successfully used –
as in the case of the blanking effect (Deubel et al., 1996). However,
in a majority of cases the brain must make do with what little
information is processed by using various heuristics to create the
appearance of a stable visual world (Bridgeman et al., 1994). The
present study demonstrates that at least one method the brain
can employ to make sense of the world is a landmark calibration
mechanism. This mechanism is essentially the assumption of sta-
bility of objects that appear to be continually present across a dis-
traction. We then use these assumed stable objects as an anchor to
judge the displacement of other objects. This allows the visual sys-
tem to rely less on time intensive comparisons of retinal informa-
tion with the memory of object locations. Our results demonstrate
that this effect occurs not only after ocular-motor behaviors but
after many generic distractions that may occlude the visual world.
The landmark effect was originally framed as a way to maintain
the perception of a stable visual world across a saccade (Deubel,
2004). More speciﬁcally, the original interpretation of the land-
mark effect held that the blanking effect was the source of the bias.
The blanking effect suggests that whatever is present during the
period immediately following a saccade is perceived as stable. Fur-
thermore, if no object is present in the ﬁrst 100 ms or so after the
eye movement the visual system can access previously unavailable
information to successfully localize the blanked target. This led the
authors to hypothesize that if a distracting object is present in the
blanking period then it would be perceived as being stable and
used as a landmark to make judgments about the target object
which reappeared a short time later.
However, the current data suggest that the landmark effect is
not dependent on a blanking mechanism. Experiment 1 showed
that eye movements are not necessary for this effect. It occurs both
in the presence or absence of either a blink or saccade. In fact, all
types of distractions, as salient as high-contrast moving-pattern
masks and as minimal as a delay with items simply disappear-
ing–reappearing on a constant background, induces the landmark
effect. Deubel, Koch, and Bridgeman (2010) provided complemen-
tary evidence with targets displayed in the periphery that the land-
mark effect is independent of saccadic eye movements. In contrast,
the blanking effect has only been found after an eye movement
(saccade or blink), but not after other types of visual interruption
such as blank screens or pattern masks (Higgins, Irwin, Thomas,
& Wang, 2009). The difference in these characteristics suggests
that the landmark effect and the blanking effect are two different
mechanisms.
In addition to the landmark effect being found independent of
eye movements, it occurs across much broader time scales. In the
saccadic landmark effect this effect typically occurs within 30–
50 ms (the typical length of the saccade), However, in the current
study the landmark effect occurs over the course of 1500 ms. Deu-
bel et al. (2010) found that the landmark effect also occurs much
248 J.S. Higgins, R.F. Wang / Vision Research 50 (2010) 242–248more quickly in the absence of saccades (200 ms). The length of
this delay suggests that the bias occurs in working memory, or that
working memory is also sensitive to the landmark effect.
The current ﬁndings also indicate that the landmark effect is not
based on a direct comparison of the objects relative to the landmark.
That is, the ﬁrst object does not have to be present when the second
object reappears to induce a landmark effect. This independence of
temporal overlap suggests that once theﬁrst object appears, the rep-
resentation is updated accordingly so that the subsequence judg-
ment of other items can occur without its continued presence.
Thus, the landmark appears to serve as a position-calibrator be-
tween the perceptual spaces before and after the disruption, instead
of a perceptual reference. These results demonstrate that people can
use the spatial relationships between objects to determine their dis-
placement after a distraction even though sometimes this leads to
misattributing displacement to the wrong object.
The landmark effect was observed under various distraction
types. One might expect that objects that simply disappear (which
do not typically happen in our daily life) might induce different
mechanisms than distractions caused by lights going out or occlud-
ing objects. We did not show any difference in the landmark effect
in these different scenarios. One possibility is that a blank screen of
different color does not provide adequate simulation of lights
going out, and there were no occlusion cues, which might be
needed to simulate real occlusion events. Future research is needed
to clarify these issues.Acknowledgments
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